Neuronal activity is a potent extrinsic regulator of oligodendrocyte generation and central nervous system myelination. Clinically, repetitive transcranial magnetic stimulation (rTMS) is delivered to noninvasively modulate neuronal activity; however, the ability of rTMS to facilitate adaptive myelination has not been explored. By performing cre-lox lineage tracing, to follow the fate of oligodendrocyte progenitor cells in the adult mouse brain, we determined that low intensity rTMS (LI-rTMS), administered as an intermittent theta burst stimulation, but not as a continuous theta burst or 10 Hz stimulation, increased the number of newborn oligodendrocytes in the adult mouse cortex. LI-rTMS did not alter oligodendrogenesis per se, but instead increased cell survival and enhanced myelination. These data suggest that LI-rTMS can be used to noninvasively promote myelin addition to the brain, which has potential implications for the treatment of demyelinating diseases such as multiple sclerosis.
, increasing intracellular calcium levels (Grehl et al., 2015) and promoting the release of growth factors such as brain-derived neurotrophic factor (BDNF) (Castillo-Padilla & Funke, 2016; Makowiecki, Harvey, Sherrard, & Rodger, 2014; Müller, Toschi, Kresse, Post, & Keck, 2000; Zhang, Xing, Wang, Tao, & Cheng, 2015 )-all of which are key regulators of oligodendrogenesis and adaptive myelination (Gautier et al., 2015; Hamilton et al., 2017; Wong, Xiao, Kemper, Kilpatrick, & Murray, 2013; Xiao et al., 2010) . For these reasons, rTMS has the potential to influence adaptive myelination, and ultimately find application in the repair of demyelinated lesions in the CNS of people with multiple sclerosis (MS).
The small number of clinical trials that have explored the benefit of rTMS for people with MS have reported a reduction in fatigue (Gaede et al., 2018; Mori et al., 2011) and muscle spasticity (Mori et al., 2010; Mori et al., 2011; Nielsen, Sinkjaer, & Jakobsen, 1996) , as well as improved functional connectivity and working memory performance (Hulst et al., 2017) ; however, the effect that rTMS has on oligodendrocyte and myelin parameters has not been examined in this context. In rat models of demyelination, lesion size is reduced when repetitive magnetic stimulation is delivered from the day of lysolecithin (Sherafat et al., 2012) or ethidium bromide (Fang, Li, Xiong, Huang, & Huang, 2010) injection into the corpus callosum and spinal cord, respectively. Furthermore, magnetic brain stimulation can reduce disability when delivered at the onset of experimental autoimmune encephalomyelitis (Medina-Fernández et al., 2017) . While these studies suggest that magnetic stimulation can influence oligodendrocyte or myelin loss and/or replacement, the capacity for rTMS to increase oligodendrocyte generation or myelination, even in the healthy brain, has not been explored .
Herein, we demonstrate that the delivery of low intensity rTMS (LI-rTMS; 120 mT) in an intermittent theta-burst pattern (iTBS), can increase the number of newborn or newly differentiated oligodendrocytes that survive and mature in the cortex, and enhance myelin internode extension by differentiating oligodendrocytes, effectively promoting myelination of the healthy CNS.
| MATERIALS AND METHODS

| Animal housing
Male and female mice were group-housed, separately, in individually ventilated cages (12 hr light cycle, 21 C) with ad libitum access to food and water. Mice were randomly assigned to each treatment, but care was taken to ensure littermates were represented across treatment groups. All animal experiments were approved by the University of Tasmania Animal Ethics Committee and carried out in accordance with the Australian code of practice for the care and use of animals in science.
| Transgenic lineage tracing
For the lineage tracing of OPCs, heterozygous Pdgfrα-CreER T2 transgenic mice (Rivers et al., 2008) were crossed with either homozygous Rosa26-YFP (Srinivas et al., 2001) or heterozygous Tau-lox-STOP-loxmGFP-IRES-NLS-LacZ-pA (Tau-mGFP; Hippenmeyer et al., 2005) cresensitive reporter mice to generate double heterozygous offspring.
Expression of Cre recombinase and Rosa26-YFP was confirmed by polymerase chain reaction (PCR) as described by Rivers et al. (2008) and expression of membrane tethered GFP (GFP) as described by Young et al. (2013) . In brief, genomic DNA was extracted from ear biopsies by ethanol precipitation and PCR performed using 50-100 ng of gDNA with the following primer combinations: Rosa26 wildtype 5 To activate Cre-recombinase and drive expression of the fluorescent reporters, Tamoxifen was dissolved in corn oil (40 mg/mL) by sonication at 21 C for 2 hr and administered to adult mice (P83) by oral gavage at a dose of 300 mg tamoxifen/kg body weight daily for 4 days.
| LI-rTMS
LI-rTMS was delivered as 600 pulses of 10 Hz (60 s), iTBS (192 s), or cTBS (40 s) ( Figure S1 ) using a custom made 120 mT circular coil designed for rodent stimulation (8 mm outer diameter, iron core; Tang, Lowe, et al., 2016) . Stimulation parameters were controlled by a waveform generator (Agilent Technologies, Santa Clara, CA) connected to a bipolar voltage programmable power supply (KEPCO BOP 100-4 M, TMG test equipment). Experiments were conducted at 100% maximum power output (100 V) using custom monophasic waveforms (400 μs rise time; Agilent Benchlink Waveform Builder; Agilent Technologies, Santa Clara, CA, USA). Mice were restrained using plastic body-contour shape restraint cones (0.5 mm thick; Abel Scientific). The coil was manually held over the midline of the head with the back of the coil positioned in line with the front of the ears (Bregma −3.0; Figure S1 ). For spinal cord stimulation, the coil was held over the spinal column so that the front of the coil was positioned over the T13 vertebrae (see Figure S2 ), which was identified by palpating the location of the 13th rib. Sham mice were positioned under the coil for 192 s (as per iTBS), but no current was passed through the coil. Stimulation was carried out once daily, at the same time, for up to 28 consecutive days. LI-rTMS did not elicit observable behavior changes in the mice during or immediately after stimulation.
| Tissue preparation and immunohistochemistry
Mice were perfusion-fixed with 4% paraformaldehyde (PFA; Sigma) (wt/vol) in phosphate buffered saline (PBS). Brains were cut into 2 mmthick coronal slices using a 1 mm brain matrix (Kent Scientific) AlexaFluor-488, −568 or − 647 (Invitrogen) and included: donkey antigoat (1:1,000), donkey anti-rabbit (1:1,000), and donkey anti-rat (1:500).
Nuclei were labeled using Hoechst 33342 (1:1,000; Invitrogen).
| EdU labeling and detection
5-Ethynyl-2 0 -deoxyuridine (EdU; Invitrogen) was administered via the drinking water at a concentration of 0.2 mg/mL (as per Clarke et al., 2012; Young et al., 2013) for up to 14 days, from Day 1 of shamstimulation or LI-rTMS (P90). EdU labeling was visualised using the AlexaFluor-647 Click-IT EdU kit (Invitrogen). Floating cryosections were incubated for 15 min in 0.5% triton x-100 (vol/vol) in PBS at 21 C, transferred into the EdU developing cocktail, and incubated in the dark for 45 min, before they were washed in PBS to commence immunohistochemistry.
| TUNEL labeling
Terminal deoxynucleotidyl transferase mediated 2 0 -deoxyuridine, 5 0 -triphosphate nick end labeling (TUNEL) was performed using a fluorescein in situ cell detection kit (Roche) as per the manufacturer's instructions. In brief, floating brain cryosections (30 μm) were collected from mice that had received 14 days of iTBS or sham stimulation, immersion fixed in 4% PFA at 21 C for 20 min, washed with PBS and permeabilized in 0.1% triton x-100/0.1% sodium citrate on ice for 2 min. Sections were then PBS washed, incubated in the TUNEL reaction mixture at 37 C in the dark for 1 hr, washed in PBS and counter-stained with Hoechst 33342 (1:1,000; Invitrogen) before being transferred to glass slides, allowed to dry and coverslipped with fluorescent mounting medium (DAKO).
| Confocal microscopy and cell quantification
Confocal images were collected using an UltraView Nikon Ti Microscope with Volocity Software (Perkin Elmer). For cell number quantification, low magnification (20× objective) images were taken of the cortex, corpus callosum (CC) or spinal cord. Multiple z stack images (2 μm spacing) were collected using standard excitation and emission filters for DAPI, FITC (AlexaFluor-488), TRITC (AlexaFluor-568) and CY5
(AlexaFluor-647) and stitched together to make a composite image of a defined region of interest. The stitched cortical images were manually subdivided into specific regions using Image J (NIH) based on Hoechst nuclear staining and according to the Mouse Brain Atlas (Franklin & Paxinos, 2007) . Cell quantification was performed manually using the cell counter plugin for Image J (NIH). For quantification of internode number and length, high magnification confocal images (40× objective)
were taken through individual oligodendrocytes (0.5 μm steps) that had a visible cell body, myelinating morphology, and fell within the region of interest. Internodes were manually traced in Image J (NIH). All data acquisition was carried out by an experimenter blind to the treatment group.
| Statistical analyses
Data were analyzed per animal and expressed as mean ± standard deviation (SD) or per cell and expressed as mean ± standard error of the mean (SEM). The number of animals analyzed in each group (n) is indicated in the corresponding figure legend. When cell count data were expressed as cell density, the total number of cells counted within the region of interest was divided by the size of the area (defined in x-y coordinates only, as the z-depth was consistently 30 μm) and expressed as cells per mm 2 (Figure 1 ). For data in Figure 2 , the total number of newly differentiated oligodendrocytes (YFP + OLIG2 + PDGFRα-neg) was instead expressed as a proportion (%) of all YFP + OLIG2 + cells in the region (as per Rivers et al., 2008 and Young et al., 2013 Clarke et al., 2012; Young et al., 2013) .
All statistical analyses were performed using GraphPad Prism 6 (GraphPad Software). Data were first assessed using the ShapiroWilk (n > 5) or Kolmogorov-Smirnov (n ≤ 5) normality tests and were further analyzed by parametric or nonparametric tests as appropriate.
The number of newly formed oligodendrocytes was quantified in mice receiving each stimulation pattern and the effect of stimulation determined using a one-way ANOVA with a Bonferroni posttest (Figure 1 ). (Hoogendam, Ramakers, & Di Lazzaro, 2010; Tang et al., 2017) .
To determine whether a specific pattern of LI-rTMS could promote new oligodendrocyte addition in the healthy brain, we traced These data indicate that LI-rTMS, delivered in an iTBS pattern, can increase the number of newborn or newly differentiated oligodendrocytes in the adult mouse cortex, but not all cortical regions were equally affected (Table S1 ; Figure S4 ). We found that cortical regions underneath the circumference of the coil, such as M1 and V2, contained more new oligodendrocytes in iTBS-treated mice compared to sham-treated controls, but that cortical regions underneath the center of the coil, such as S1 (Figure 1c, g, s) , were largely unaffected (Table S1 ; Figure S4 ). This pattern is consistent with the physical properties of electromagnetic induction, as a circular TMS coil induces a magnetic field that is strongest at its center (Grehl et al., 2015) , but the electrical currents induced in brain tissue are maximal under the outer edge of the coil (Hallett, 2007) . The implication is that the increase in new oligodendrocyte number is associated with current induction by LI-rTMS.
To examine the impact that TMS coil position has on new oligodendrocyte number, we again delivered sham and iTBS-treatment to spinal cord underneath the L1 vertebrae and the center of the coil, the number of new oligodendrocytes was equivalent between shamand iTBS-treated mice ( Figure S2; in the M1 or V2 cortex by increasing OPC proliferation. iTBS additionally had no effect on OPC density (Figure 3o ), indicating that it does not increase OPC differentiation.
In the healthy, adult rodent CNS, a small number of apoptotic cells can be detected outside of the neurogenic zones (Dawson, Polito, Levine, & Reynolds, 2003; Ferrer, Bernet, Soriano, Del Rio, & Fonseca, 1990; Hill, Patel, Goncalves, Grutzendler, & Nishiyama, 2014; Hughes et al., 2013; Payne et al., 2013) , and in the optic nerve these TUNEL + cells have been shown to co-label with the oligodendrocyte marker CC1 (Payne et al., 2013) . While mature, myelinating oligodendrocytes are long-lived cells (Hill, Li, & Grutzendler, 2018; Tripathi et al., 2017) , only a subset of newborn oligodendrocytes survive to reach maturity.
The rate of OPC proliferation significantly outstrips the rate of new oligodendrocyte accumulation in the M1, CC, and optic nerve (Rivers et al., 2008; Young et al., 2013) , and live-imaging of the adult mouse somatosensory cortex has shown that 78% of all newborn premyelinating oligodendrocytes die soon after they are generated (Hughes, Orthmann-Murphy, Langseth, & Bergles, 2018) . These data suggest that any intervention that enhances new oligodendrocyte survival could readily increase new oligodendrocyte number over time.
To determine whether 14 days of iTBS could increase new oligodendrocyte number by reducing the level of cell death, we performed TUNEL labeling of coronal cryosections through M1. We found that the number of TUNEL + apoptotic cells in the M1 cortex was significantly reduced in iTBS-treated mice relative to sham-treated controls 
| LI-rTMS increases the number of new premyelinating and myelinating oligodendrocytes in the cortex
We predicted that if 14 days of iTBS enhanced the survival of To examine this possibility more directly, we followed the maturation of newborn oligodendrocytes in response to sham and iTBS treatment. Tamoxifen was administered to P83 Pdgfrα-CreER T2 :: Tau-mGFP transgenic mice (as per Young et al., 2013) , such that OPCs and the oligodendrocytes they produce express a membrane-targeted form of green fluorescent protein (GFP), which allowed premyelinating and myelinating oligodendrocytes to be morphologically distinguished in situ ( Figure 4 ). From P90, mice received 14 or 28 consecutive days of sham or iTBS treatment before coronal brain cryosections were immunolabeled to detect GFP, the OPC marker PDGFRα + and the F I G U R E 4 Legend on next page.
pan-oligodendrocyte marker OLIG2 + (Figure 4a-d) . In M1 and V2 a subset of brain OPCs (PDGFRα + OLIG2 + ) became GFP labeled, and the recombination efficiency was equivalent between sham and iTBS treated mice ( Figure S3 ). Consistent with our previous data (see Figure 1) The ability of iTBS to influence internode length appears to be independent of its capacity to increase new oligodendrocyte survival and number. We report that 14 or 28 days of iTBS had no effect on the number of new premyelinating or myelinating oligodendrocytes in the CC (see Figure 4i- 
| The length of GFP + newly elaborated internodes is increased by iTBS
| DISCUSSION
rTMS is being evaluated in a growing number of clinical contexts, and while the cellular changes that underpin the behavioral and therapeutic outcomes are largely unknown, they are likely to comprise neuronal and glial responses . This study shows that LI-rTMS, applied in an iTBS pattern, can increase the number of new oligodendrocytes that are incorporated into the cortex over time (Figure 1 and Figure 4 ). The effect of iTBS on new oligodendrocyte number was only seen underneath the circumference of the coil (Table S1 and Figure S4 ), in brain regions where current induction is strongest (Deng, Lisanby, & Peterchev, 2013) . Furthermore, iTBS did not increase new oligodendrocyte number by altering OPC proliferation or differentiation, which would have influenced EdU incorporation or OPC density (Figure 3) .
Instead, iTBS enhanced cell survival in the cortex. Consequently, 2 weeks of iTBS increased the number of premyelinating oligodendrocytes present in the M1 and V2 cortices, and 4 weeks of iTBS saw these cells mature further into new myelinating oligodendrocytes (Figure 4) . 
| iTBS does not increase oligodendrogenesis
LI-rTMS, delivered as an iTBS pattern, increased the number of new oligodendrocytes detected in the cortical grey matter, but had no effect when delivered at 10 Hz or as a cTBS pattern (Figure 1 ). Furthermore, iTBS produced this effect without influencing oligodendrogenesis (OPC proliferation or differentiation; Figure 3 ). This outcome was unexpected, as both 10 Hz and iTBS are predicted to increase neuronal activity, which is a potent modulator of OPC proliferation and differentiation within the CNS (reviewed by Mount & Monje, 2017) . For example, a 5 Hz stimulation of the CC in freely behaving mice (single 3 hr session via implanted electrodes), can promote OPC differentiation without significantly increasing proliferation (Nagy, Hovhannisyan, Barzan, Chen, & Kukley, 2017) . By contrast a 25 Hz stimulation of the CC or a 20 Hz optogenetic stimulation of M1 layer V pyramidal neurons (30 min daily for 7 days), triggers OPC proliferation and increases the number of newborn CC1 + oligodendrocytes (Gibson et al., 2014; Nagy et al., 2017) . A F I G U R E 6 Legend on next page.
300 Hz stimulation of the CC (Nagy et al., 2017) or 333 Hz stimulation of corticospinal tract neurons (6 hr a day, over 10 days; similarly promotes OPC proliferation and oligodendrogenesis.
Unlike these direct stimulation methods, where the frequency of neuronal firing closely mirrors the frequency of stimulation, LI-rTMS does not directly elicit neuronal firing. When the rodent coil was used to deliver iTBS to ex vivo cortical slices, it increased neuronal excitability-not by directly triggering action potentials, but by lowering the action potential threshold and increasing the evoked spike firing frequency immediately after stimulation and for at least 20 min post-stimulation (Tang, Hong, et al., 2016) . While these data support the ability of iTBS to increase neuronal firing, our data suggest that the net effect of iTBS on network activity in vivo is not comparable to direct stimulation at 5, 20, or 300 Hz, as iTBS did not modulate OPC proliferation or direct differentiation.
| iTBS promotes the survival of premyelinating oligodendrocytes
LI-rTMS, delivered as an iTBS pattern for 14 days, increased the number of newborn, premyelinating oligodendrocytes present in the M1
and V2 cortices (Figure 4 ), and our cre-lox lineage tracing approach confirmed that these cells were the progeny of parenchymal OPCs and not neural stem cells (Cavaliere, Benito-Munoz, Panicker, & Matute, 2013) . This increase in new oligodendrocyte number was not associated with an increase in OPC proliferation or a change in OPC density, suggesting that new oligodendrocyte number was increased due to enhanced cell survival.
It is well established that in the developing and adult rodent brain, not all newborn oligodendrocytes survive to reach maturity. In the postnatal mouse optic nerve 50% of oligodendrocytes die by P14 (Barres et al., 1992) and in the developing neocortex 20% of premyelinating cells die between P7 and P11 (Trapp, Nishiyama, Cheng, & Macklin, 1997) . In the adult mouse brain and optic nerve, OPCs continuously proliferate to generate new oligodendrocytes, and the level of OPC proliferation far exceeds the number of new oligodendrocytes that accumulate over time (Rivers et al., 2008; Young et al., 2013) . From these data, it has been estimated that only 41% of optic nerve and 30% of callosal adult-generated oligodendrocytes survive long term (Young et al., 2013) and recent evidence has shown that in the somatosensory cortex only 22% of newly differentiated oligodendrocytes survive to become fully integrated myelinating cells (Hughes et al., 2018) . These numbers suggest that oligodendrocytes are the major cell type undergoing apoptosis outside of the neurogenic zones in the healthy adult rodent CNS, and all apoptotic cells detected in the healthy adult rat optic nerve are confirmed CC1 + oligodendrocytes (Payne et al., 2013) .
Despite the seemingly large number of premyelinating oligodendrocytes that are generated and die, the number of apoptotic cells that can be identified in the adult mouse cortex is very small. We detected only 3.36 TUNEL + apoptotic cells per mm 2 of the M1 cortex in shamstimulated mice. This is consistent with previous reports (Dawson et al., 2003; Ferrer et al., 1990) , and reflects the rapid clearance of apoptotic cells from the brain (Thomaidou, Mione, Cavanagh, & Parnavelas, 1997) , signaling to trigger apoptotic cell death (Sun et al., 2018) . However, it is also possible that this effect is secondary to an increase in neuronal activity Palser, Norman, Saffell, & Reynolds, 2009; Trapp et al., 1997; Xiao et al., 2016) . More specifically, glutamatergic signaling can support premyelinating oligodendrocyte survival, as the conditional deletion of AMPA receptor subunits from developmental OPCs results in mice having 20% fewer premyelinating oligodendrocytes (Enpp6 + cells) and 20-27% fewer CC1 + oligodendrocytes in the CC by P14 . This effect was not attributed to a change in OPC proliferation, but rather increased death of newborn oligodendrocytes . Therefore, iTBS, which can increase glutamatergic signaling (Hoppenrath & Funke, 2013; Labedi, Benali, Mix, Neubacher, & Funke, 2014) , could promote premyelinating oligodendrocyte survival through increased AMPA receptor activation.
Additionally, the release of neurotrophins from axons or astrocytes could account for the pro-survival effect of iTBS. BDNF signaling is important for myelination (Wong et al., 2013; Xiao et al., 2010 ) and its expression is increased by rTMS (Castillo-Padilla & Funke, 2016; Müller et al., 2000; Zhang et al., 2015) , including LI-rTMS (Makowiecki et al., 2014 ). BDNF appears to have no effect on the survival of OPCs (Xiao et al., 2010) , but can interact with other trophic factors to enhance the survival of oligodendrocytes . rTMS may also directly or indirectly stimulate astrocytes to release leukemia inhibitory factor (Cohen & Fields, 2008; Ishibashi et al., 2006) , which is another regulator of oligodendrocyte survival and myelination (Gard, Burrell, Pfeiffer, Rudge, & Williams, 1995; Ishibashi et al., 2006) .
| iTBS increases myelin internode length
Internode length and the number of internodes elaborated by individual oligodendrocytes differs between CNS regions (Butt, Colquhoun, Tutton, & Berry, 1994; Chong et al., 2012; Murtie, Macklin, & Corfas, 2007; Osanai et al., 2017; Tripathi et al., 2017; Young et al., 2013) , and is determined by a combination of signals that are both intrinsic and extrinsic to the developing oligodendrocyte (Almeida, Czopka, & Lyons, 2011; Bechler, Byrne, & Ffrench-Constant, 2015; Hines et al., 2015 ; reviewed by Bechler et al., 2017) . Extrinsic signals, such as increased NogoA-signaling (Chong et al., 2012) , decreased neurotransmitter release (Mensch et al., 2015) and social isolation, which reduces Neuregulin-ErbB3 receptor signaling (Makinodan, Rosen, Ito, & Corfas, 2012) , can reduce the number of myelin internodes elaborated by individual oligodendrocytes. Conversely, the electrical stimulation of dorsal root ganglion neurons in vitro, can double the number of internodes generated by co-cultured oligodendrocytes (Malone et al., 2013) . While iTBS did not change the number of internodes elaborated by individual oligodendrocytes ( Figure S5 ), it did influence oligodendrocyte maturation and myelination, as the resulting myelinating oligodendrocytes supported longer internodes when subjected to iTBS (Figures 5 and 6 ).
By analyzing newly myelinating oligodendrocytes in the M1 and V2
cortices of 14 day sham and iTBS treated mice, we determined that oligodendrocytes maturing under the influence of iTBS support internodes that are, on average, 28 and 37% longer than those supported by oligodendrocytes developing under sham conditions. As these cells encompass myelinating oligodendrocytes at various stages of maturation, we also compared the distribution of internode lengths elaborated by the population and found that after 14 or 28 days of stimulation, new internodes were longer in iTBS treated mice than sham stimulated mice. While this effect could be secondary to the effect of iTBS on new oligodendrocyte survival, this seems unlikely as iTBS also increased new internode length in the CC, a region where iTBS failed to influence new oligodendrocyte survival or number. iTBS may instead enhance the maturation of myelinating oligodendrocytes by increasing their rate of internode extension or increasing final internode length.
We observed a reduced effect of iTBS on internode length with increasing treatment duration (compare Figure 5f with Figure 5g and compare Figure 6f with Figure 6g ), which may suggest that iTBS increases the rate of extension, but does not impact final internode length; however, these possibilities can only be directly investigated by performing live two-photon imaging of the maturing cells.
There are a number of signals that could be modified by iTBS to increase internode length. For example, GABAergic signaling in neocortical slices, cultured from P8 mice, is associated with increased internode length , however, iTBS also increased internode length in the CC, suggesting that longer internodes may instead result from increased glutamate-induced calcium signaling in the developing myelin sheaths (Baraban, Koudelka, & Lyons, 2018; Krasnow, Ford, Valdivia, Wilson, & Attwell, 2018) . While iTBS could lengthen internodes by modulating neurons, the alternative is that it has a direct effect on the extending internodes of maturing oligodendrocytes, perhaps influencing local calcium signaling (Grehl et al., 2015) , and further research is required to dissect the primary and secondary effects of iTBS on these cells.
| Future directions
TMS is currently used for the clinical diagnosis of motor neuron disease (Vucic, Ziemann, Eisen, Hallett, & Kiernan, 2013) and MS (Caramia et al., 2004) . Furthermore, rTMS is an approved treatment for pharmacologically resistant depression (Rossi, Hallett, Rossini, & Pascual-Leone, 2009 ) and has been shown to ameliorate spasticity and fatigue in people with MS (Mori et al., 2010; Mori et al., 2011; Nielsen et al., 1996) . As LI-rTMS can non-invasively promote new oligodendrocyte survival and maturation in the healthy brain, it may find application in the treatment of hypomyelination or demyelination. In particular, LI-rTMS may be a suitable adjunct to current pharmacological treatments for MS, as impaired oligodendrocyte survival and maturation are key factors that contribute to remyelination failure in this disease (Franklin & Ffrench-Constant, 2008) .
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